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Abstract
Objective: The aim of the present study was to examine the mediation effects of
changes in psychosocial determinants of physical activity (attitude, social support,
self-efficacy, perceived benefits and barriers) on changes in physical activity.
Design: One-year intervention study with baseline and 1-year post measures of
physical activity habits and psychosocial correlates.
Setting: Fifteen middle schools.
Subjects: Boys and girls (n5 2840) aged 11–15 years completed the validated
questionnaires during class hours.
Results: The product-of-coefficients test was used to asses the mediating effects.
Self-efficacy for physical activity at school was found to be the only significant
mediator of physical activity change. Specifically, self-efficacy for physical activity
at school partly mediated the effect of the intervention on total and school-related
physical activity change in the intervention group with parental support
(P, 0.05). None of the other potential mediators, attitudes, social support, per-
ceived benefits and perceived barriers, seemed to have had a positive effect. Even
a suppressor effect was found for attitudes. Given that the effects of self-efficacy
and attitudes were of opposite direction, the total mediated/suppressed effects of
the intervention were not statistically significant.
Conclusions: Positive changes in total and school-related physical activity in
adolescents could be partly explained by increases in self-efficacy for physical
activity at school through a physical activity intervention in middle schools with
parental support. However, the suppressor effect of attitudes decreased this
effect. As this is one of the first true mediation analyses in this age group, further
research is needed to replicate the importance of these mediators.
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The health benefits of regular physical activity are well
documented in all age groups1. Nevertheless, a sedentary
lifestyle among adolescents, adults and older persons is
prevalent in almost all parts of the Western world2,3. In
particular, a steep decline in activity levels occurs during
adolescence4. Therefore, it is important to promote
maintenance of adequate physical activity levels in ado-
lescents or to encourage inactive adolescents to become
more active.
As interventions to encourage physical activity have to
be based upon the most important processes or deter-
minants of physical activity in adolescents, studying
physical activity determinants in this age group is the first
step to be taken. Most studies investigated these deter-
minants based on generic theories or models such as
Social Cognitive Theory and social–psychological the-
ories such as the Theory of Planned Behaviour5,6. Results
of these studies showed that physical activity in adoles-
cence was best predicted by self-efficacy, attitudes or
beliefs, family or friend support, and perceived benefits
and barriers7–9. Once there is enough knowledge on the
determinants of physical activity in this age group, a
second step can be taken: the development and evalua-
tion of physical activity interventions.
Intervention studies promoting physical activity in
adolescents are relatively scarce10,11. The school envir-
onment is often considered to be the ideal setting for
implementing these interventions as all students can
easily be reached, education can be included in the reg-
ular curriculum and in physical education courses, and
schools often have the facilities and accommodation to
provide opportunities for adolescents to be physically
active12–14. In the USA, two intervention studies promot-
ing physical activity in middle schools have been
conducted: the Planet Health Study15 and the M-Span
study16. Results were mixed and often different for boys
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and girls. In Europe, good results were recently found in
the ICAPS study (Intervention Centred on Adolescents’
Physical activity and Sedentary behaviour) showing
increases in activity levels in boys and girls in France17.
Positive results were also found in our own Belgian study,
aimed at increasing activity levels in adolescents through
middle schools18. Results showed significant increases in
physical activity levels in the intervention conditions,
when compared with the control group, in both boys and
girls. All of these interventions were developed based on
health promotion planning models19,20. They are based
on theories that assume that the intervention succeeds in
changing physical activity behaviour through changes in
the theoretical constructs or the determinants that pre-
cede this behaviour. However, this assumption is rarely
tested. Very few studies have examined possible media-
tors in effective physical activity interventions21. The
question asked here is about the mechanisms underlying
behavioural change: ‘how’ does the intervention work?
From the review of Lewis et al.22 on psychosocial med-
iators of physical activity behaviour among adults and
children, it was concluded that only two studies con-
ducted a complete mediator analyses, both using adult
participants. A possible explanation for this lack of stu-
dies is that a full mediation analysis can only be executed
if a true control group is available, if physical activity
differences are found between the intervention and
control groups, and if a prospective design is used
(changes in mediators effect changes in outcome). All
three requirements were met in our own Belgian inter-
vention study in middle schools. By examining several
potential mediators in this intervention study, we may
learn which mediators are most effective for increasing
physical activity in adolescents. In other words, it may
clarify how the intervention worked but also it may reveal
if the intervention was unsuccessful in changing potential
important mediators of physical activity change.
The aim of the present study was to examine mediation
effects of changes in psychosocial determinants of
physical activity (attitude, social support, self-efficacy,
perceived benefits and barriers) on changes in physical
activity, using a 1-year prospective intervention study,
including programmes with and without parental sup-
port, in middle schools. As the intervention was devel-
oped to change all of these underlying constructs, it was
hypothesised that changes in these constructs would act
as a mediator in predicting changes in physical activity
from baseline to 1-year follow-up.
Methods
Procedure and participants
In the present study a random sample of 15 schools out of
the 65 Flemish schools with technical and vocational
education in West Flanders (Belgium) was selected.
Principals of 23 schools were approached by telephone to
obtain 15 who agreed to participate in the study. The
15 schools willing to participate were then randomly
assigned to the intervention or control conditions, each
with five schools: (1) intervention with parental support;
(2) intervention alone; and (3) control condition. The
parents of all 2991 students in seventh and eight grades
received an informed consent form in which the author-
isation was asked for their child to complete measure-
ments. The parents of 151 (5%) students gave no
permission for their child to participate in this study. This
resulted in a sample of 2840 11–15-year-old boys
(n5 1800) and girls (n5 1040) within 15 schools. The
study protocol was approved by the Ethical Committee of
Ghent University. A more detailed description of the
sample and procedure is given elsewhere18,23.
Measures
Measures were performed at the beginning (September
2003) and at the end of the school year (June 2004).
Physical activity
Physical activity levels were determined using a self-
administered questionnaire at school, based on the
Flemish Physical Activity Questionnaire (FPAQ). This
questionnaire asked for minutes of activity of different
types (sports, transport) and within different contexts
(leisure time, school). Five indices were computed: a total
physical activity index and its components – namely,
active transportation to/from school, school-related
sporting activities, leisure-time active transportation, and
leisure-time sporting activities. The sporting activities
indices referred to the time spent in sports at school
(school-related sporting activities) and during leisure time
(leisure-time sporting activities). Based on the metabolic
equivalent task (MET) values from the Compendium of
Physical Activities24, each sport with a metabolic rate
lower than 3 MET was classified as an activity of low
intensity and was not taken into account for the sports
index. The active transportation indices referred to the
time spent in leisure-time active transportation and in
walking and cycling to and from school. The ‘total
physical activity index’ was computed by summing the
minutes of all four activities.
Philippaerts and colleagues25 reported moderate to
high reliability of the FPAQ for the different indices used
in the present study. The test–retest intra-class correlation
coefficients (ICCs) exceeded 0.70. To obtain validity
measures, data from the questionnaire were correlated to
data derived from accelerometers (model 7164; Computer
Science Application, Inc.). Pearson correlations were
significant for all activity measures and ranged between
0.43 and 0.79, indicating acceptable validity of the
instrument. In the present study, the ICCs of the physical
activity measures (pre- and post-intervention) in the
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control group were 0.52 for total physical activity, 0.40
for school-related sporting activities, 0.60 for active
transportation to/from school, 0.50 for leisure-
time sporting activities, and 0.31 for leisure-time active
transportation.
Physical activity determinants
General-affective attitudes, social support, self-efficacy,
and perceived benefits and barriers were assessed by 30
items with a 5-point scale. Questions were selected and
adopted from previous studies with adolescents and
adults9,26. General-affective attitudes (four items) towards
physical activity were assessed using bipolar adjectives.
Participants were asked whether sports and physical
activity are: ‘not pleasant – pleasant’, ‘bad – good’,
‘healthy – unhealthy’ and ‘dangerous – safe’. Social sup-
port (four items) was assessed by asking respondents
how frequently their parents, brothers and sisters, friends
and teachers encouraged them to be physically active.
Self-efficacy (two items) was measured by asking how
easy or difficult it is to be active at their school or at their
home. Perceived benefits and barriers with regard to
physical activity were investigated by asking respondents
to rate their agreement with possible effects of sports and
physical activity (eight items: weight and physical
appearance, health and fitness, social interaction, plea-
sure, competition, stress and depression, admiration of
others, relaxation from (school)work) and the frequency
with which barriers prevented them from exercising (11
items: lack of time, lack of discipline, lack of interest,
health problems, personal problems, not skilled enough,
too expensive, no transportation, not liking to sweat, fear
of being laughed at, lack of facilities at school). Factor
analyses of these five scales yielded a general attitude
factor; two perceived benefits factors (health and psy-
chosocial benefits); three perceived barriers factors
(motivational, health and environmental barriers); two
single-item self-efficacy factors (self-efficacy for physical
activity at school and at home); and a general social
support factor.
Several measures of social support were constructed to
reflect the fact that different sources of social support may
be important to the various indices of physical activity
change and intervention modes (presence or absence of
parental support). Thus, total social support (combining
support from family, friends and teachers) was hypothe-
sised to be important to changes in total physical activity;
social support from family and friends to changes in
leisure-time physical activity; social support from friends
and teachers to school-related physical activities; and
social support from parents to changes in school-related
physical activities in the intervention group with parental
support.
In this study, Cronbach’s alpha coefficients of internal
consistency for the mediating variable scales were 0.73
for attitudes (four items); 0.76 for total social support
(four items); 0.77 for social support from family and
friends (three items); 0.58 for social support from friends
and teachers (two items); 0.54 for perceived health ben-
efits (two items); 0.80 for perceived psychosocial benefits
(six items); 0.78 for motivational barriers (seven items);
0.64 for health barriers (two items); and 0.59 for envir-
onmental barriers (three items).
Intervention
The school-based intervention programme was devel-
oped to promote healthy food choices and physical
activity engagement in order to prevent the increasing
prevalence of overweight in adolescents. The effects of
the intervention on adiposity indices23, adolescents’ diet27
and physical activity18 are beyond the scope of the pre-
sent study and are published elsewhere.
The intervention was designed to be implemented by
the school staff itself with only minimal external support,
to make later implementation feasible. It was coordinated
by a working group of school personnel that received
background information, an intervention manual and
educational material from the researchers. The physical
activity intervention had two main components: an
environmental part and an individual-based part. The
physical activity environmental intervention focused on
increasing levels of moderate to vigorous physical activity
to at least 60min a day by: (1) creating more opportu-
nities to be physically active during breaks, at noon or
after school hours and by varying the content of the
physical activities offered in order to reach all students;
(2) providing extra sports materials at noon, after school
hours and during breaks; and (3) encouraging active
transportation (walking and cycling) to school. At the
personal level, students completed the computer-tailored
physical activity intervention adapted for adolescents28,29
during one class hour, which resulted in immediate per-
sonal feedback about physical activity and sports for each
student.
The goal of the involvement of the parents in half of
the experimental schools was to create a supportive
environment for healthy behaviours outside school.
Parents were invited to come to an interactive meeting on
physical activity and healthy food habits. As expected, the
attendance was typically low. Hence, in order to reach all
parents, the information was also communicated through
home correspondence; i.e. it was published in the school
papers and newsletters for the parents. In addition all
parents received a CD-ROM with the adult computer-
tailored intervention for physical activity to accomplish at
home. Through an informative folder parents were
informed that their child accomplished the same test at
school. They were asked to discuss the results together
and to give their child support to create an active lifestyle,
if necessary. A thorough description of the physical
activity intervention is given elsewhere18,23.
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Statistical analyses
Changes in the attitudes, social support (total, from family
and friends, and from peers and teachers), self-efficacy
(for physical activity at school and at home), perceived
benefits (health and psychosocial) and perceived barriers
(motivational, health and environmental) were examined
as potential mediators of the intervention effects on
changes in physical activity.
Measures of change in physical activity between pre-
and post-test were created by regressing the physical
activity measures at post-test onto their baseline values to
compute residualised physical activity change indices.
The resulting residualised scores can be interpreted as the
amount of increase or decrease in physical activity
between baseline and post-test, independent of baseline
activity. Similarly, a measure of change of psychosocial
determinants was recreated by regressing each psycho-
social determinant score at post-test onto the baseline
scores. These measures of change in psychosocial vari-
ables are independent of baseline determinants scores,
and can be considered to be dynamic variables that co-
vary with changes in physical activity (see Sallis et al.30 for
a further explanation of the use of residualised change
scores).
To assess mediating effects, a product-of-coefficient
test appropriate for cluster-randomised controlled trials
was used31. This tests consists of: (1) estimating the effect
of the intervention on changes in the potential mediator
(a coefficient) by regressing changes in the mediator onto
the intervention; (2) estimating the independent effect of
changes in the potential mediator on changes in the
outcome (b coefficient) by regressing changes in the
outcome onto the intervention and changes in the med-
iator; (3) computing the product of the two coefficients
(ab), representing the mediated effect; and (4) dividing
ab by its standard error. These estimates were obtained
using two-level linear regression models, accounting for
within-school cluster effects. The first step in the analysis
represents a formal test of whether the intervention was
successful in changing the targeted mediators (action
theory test), while the second step represents a formal test
of whether the changes in the mediator predict changes
in the outcome (conceptual theory test). As the outcome
variables were skewed, Huber/White robust estimates of
standard errors were used.
Although this intervention was meant to simulta-
neously target multiple mediators, both single- and
multiple-mediator models were assessed32, the reason
being that the effect of a specific mediator in a multiple-
mediator model may be obscured by the presence of
multicollinearity33. The multiple-mediator models exam-
ined the independent effects of mediating variables that
were found to be statistically significant mediators or
suppressors in the single-mediator models. Finally, the
magnitude of the total mediated effect and ratios of
mediated to total intervention effects were also estimated.
The standard error of the total mediated effect was
computed using the multivariate delta method, i.e. by
pre- and post-multiplying the covariance matrix among a
and b parameters of the function (sum of five mediating
effects) by a vector of partial derivatives of the function34.
Separate mediating variable analyses were conducted
for the intervention groups with and without parental
support. These analyses were performed using MLwiN
version 2.02 and MicrosoftR Excel.
Results
Power analyses
The within-cluster correlations and study design effects
for residualised changes in hypothetical mediating vari-
ables ranged from 0.01 to 0.08, and from 2.80 to 15.4,
respectively (effective sample size ranging from 158 to
868). This means that, adopting a significance level of
0.05, the power of the study to detect moderate-to-large
mediating effects (defined as a standardised changes of
0.39 and 0.59; Cohen, 198835) was 0.99. Also, the study
had acceptable power (.0.80) to detect small mediation
effects (standardised change of 0.14) of self-efficacy for
physical activity outside school, attitudes, perceived
health benefits, psychosocial benefits, motivational
barriers and health barriers.
Mediation analyses
Intervention effect
On average, the intervention with parental support group
increased their total physical activity by 9.0min day21
(95% confidence interval (CI): 2.9, 15.2; P5 0.004) more
than did the control group (Table 1). Significant differ-
ences were also found between the intervention group
with parental support and the control group on changes
in active transportation to/from school (2.1min day21;
95% CI: 0.6, 3.6; P5 0.006) and changes in school-related
sporting activities (2.1min day21; 95% CI: 0.5, 3.7;
P5 0.012). No significant differences were found
between the control group and intervention group with-
out parental support (Table 1).
Action theory test
When compared with the control group, the intervention
programme without parental support appeared to have a
negative effect on changes in attitudes (P, 0.001), self-
efficacy for physical activity at home (P, 0.01), perceived
health benefits (P, 0.01), and perceived environmental
(P, 0.01) and motivational barriers (P, 0.05) (Table 2).
In contrast, a positive effect of the intervention pro-
gramme with parental support on changes in self-efficacy
for physical activity at school was observed (P, 0.05).
Also, this intervention condition was associated with a
significantly smaller negative effect on attitudes (20.061;
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95% CI: 20.124, 20.002) than the intervention pro-
gramme without parental support (20.171; 95% CI:
20.244, 20.098).
Conceptual theory tests
With the exception of perceived health barriers, and
irrespective of experimental condition, changes in all
psychosocial factors were significantly and strongly
associated in the expected direction with changes in total
physical activity (all P, 0.01; Table 3). Similar findings
were observed for school-related and leisure-time sport-
ing activities, and leisure-time active transportation.
Changes in attitude, perceived psychosocial benefits and
perceived motivational barriers were associated in the
expected direction with changes in active transportation
to/from school. However, the associations of changes in
active transportation to/from school with changes in
social support from friends and teachers and perceived
health barriers were opposite to those expected (Table 3).
Mediated effects
None of the examined psychosocial factors showed a
significant mediating effect on changes in physical activity
in the intervention group without parental support
(Tables 4 and 5, first part). Unexpectedly, significant
suppression effects of attitudes, self-efficacy, perceived
benefits and perceived barriers on changes in total
physical activity and leisure-time physical activity were
found. Attitudes, perceived benefits and perceived
barriers also suppressed the effect of the intervention
(without parental support) on school-related physical
activity (Tables 4 and 5). The total suppressed effect of
the intervention amounted to 3.31min day21 (95% CI:
24.78, 1.84; P, 0.001) of total physical activity;
20.17min day21 (95% CI: 20.28, 20.05; P5 0.004) of
active transportation to/from school; 0.75min day21
(95% CI: 20.91, 20.60; P, 0.001) of school-related
sporting activities; 20.49min day21 (95% CI: 20.60,
20.37; P, 0.001) of leisure-time active transport; and
22.27min day21 (95% CI: 23.43, 21.11; P, 0.001) of
leisure-time sporting activities.
While attitudes exerted a suppression effect on changes
in physical activity in the intervention group with parental
support, self-efficacy for physical activity at school partly
mediated the effect of the intervention on total and
school-related physical activity change (Tables 4 and 5,
second part). Given that the effects of self-efficacy and
attitudes were of opposite direction, the total mediated/
suppressed effects of the intervention on changes in total
physical activity (20.39min day21; 95% CI: 21.51, 0.73;
P5 0.493) and school-related physical activity were not
Table 1 Intervention effects on five physical activity indices (residualised change scores)
Intervention without parental support (min week–1) Intervention with parental support (minweek–1)
Physical activity index b (SE) 95% CI b (SE) 95% CI
Total physical activity 3.6 (3.6) 23.7, 10.4 9.1 (3.1) 2.9, 15.2***
Active transportation to/from school 1.4 (0.9) 20.3, 3.2 2.1 (0.8) 0.6, 3.6***
School-related sporting activities 1.1 (0.9) 20.8, 2.9 2.1 (0.8) 0.5, 3.7**
Leisure-time active transportation 1.3 (1.0) 20.8, 3.3 1.1 (0.9) 20.6, 2.9
Leisure-time sporting activities 20.5 (2.7) 25.9, 4.9 3.2 (2.4) 21.5, 7.8
b – regression coefficient; SE – standard error; 95% CI – 95% confidence interval.
All models adjusted for gender, age, household socio-economic status, and within-school cluster effects.
**P, 0.05; ***P, 0.01.
Table 2 Action theory tests: intervention effects on mediators (residualised change scores)
Intervention without parental support Intervention with parental support
Mediator a (SE) 95% CI a (SE) 95% CI
Attitude 20.171 (0.037)**** 20.244, 20.098 20.061 (0.032)*** 20.124, 20.002
Self-efficacy – physical activity at school 20.131 (0.085) 20.298, 0.036 0.169 (0.076)** 0.020, 0.318
Self-efficacy – physical activity at home 20.162 (0.061)*** 20.282, 20.042 20.074 (0.052) 20.176, 0.028
Social support – total 0.049 (0.072) 20.092, 0.190 20.005 (0.063) 20.128, 0.118
Social support – family & friends 20.005 (0.073) 20.040, 0.270 20.032 (0.064) 20.087, 0.187
Social support – friends & teacher 0.115 (0.079) 20.148, 0.138 0.050 (0.070) 20.157, 0.093
Social support – parents 20.096 (0.086) 20.265, 0.073 20.080 (0.075) 20.227, 0.067
Benefits – health 20.203 (0.068)*** 20.336, 20.070 20.061 (0.059) 20.177, 0.055
Benefits – psychosocial 20.104 (0.055) 20.212, 0.004 20.003 (0.047) 20.095, 0.089
Barriers – health 0.088 (0.068) 20.045, 0.221 0.021 (0.060) 20.097, 0.139
Barriers – environmental 0.190 (0.061)*** 0.070, 0.310 20.029 (0.054) 20.135, 0.077
Barriers – motivational 0.132 (0.056)** 0.022, 0.242 0.001 (0.049) 20.095, 0.097
a – estimate of unstandardised regression coefficient of intervention effect on residualised change score of psychosocial factors; SE – standard error; 95% CI –
95% confidence interval.
All models adjusted for gender, age, household socio-economic status, and within-school cluster effects.
**P, 0.05; ***P, 0.01; ****P, 0.001.
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Table 3 Conceptual theory tests: effects of changes in the mediators on changes in physical activity indices (single-mediator models)
Total physical
activity
Active transportation
to/from school
School-related sporting
activities
Leisure-time active
transportation
Leisure-time sporting
activities
b (SE) b (SE) b (SE) b (SE) b (SE)
Mediator (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)
Attitude 15.62 (1.74)**** 0.84 (0.46)* 2.68 (0.36)**** 1.68 (0.46)**** 12.54 (1.56)****
(12.21, 19.04) (20.07, 1.74) (1.97, 3.39) (0.77, 2.58) (9.48, 15.61)
Self-efficacy – physical activity at school 4.99 (1.09)**** 0.13 (0.28) 1.54 (0.22)**** – –
(2.87, 7.12) (20.43, 0.68) (1.10, 1.98)
Self-efficacy – physical activity at home 9.89 (1.06)**** – – 1.71 (0.28)**** 8.71 (0.95)****
(7.81, 11.97) (1.16, 2.26) (6.85, 10.57)
Social support – total 2.64 (1.19)** – – – –
(0.31, 4.97)
Social support – family & friends – – – 1.17 (0.28)****
(0.62, 1.72)
2.97 (0.97)*
(1.06, 4.88)
Social support – friends & teacher – 20.66 (0.29)** 0.40 (0.23)* – –
(21.22, 0.09) (20.05, 0.85)
Social support – parents – 0.07 (0.22) 0.20 (0.18) – –
(20.36, 0.50) (20.14, 0.55)
Benefits – health 2.62 (1.07) ** 0.11 (0.28) 0.64 (0.22)*** 0.83 (0.28)*** 1.85 (0.96)*
(0.52, 4.71) (20.44, 0.66) (0.20, 1.07) (0.28, 1.37) (20.03, 3.72)
Benefits – psychosocial 9.11 (1.24)**** 0.82 (0.33)** 1.60 (0.26)**** 1.24 (0.32)**** 7.10 (1.11)****
(6.68, 11.5) (0.18, 1.46) (1.09, 2.10) (0.60, 1.87) (4.90, 9.25)
Barriers – health 0.37 (1.11) 0.51 (0.29)* 20.33 (0.23) 0.36 (0.29) 0.24 (0.99)
(21.80, 2.54) (20.05, 1.08) (20.78, 0.12) (20.21, 0.92) (21.70, 2.17)
Barriers – environmental 25.54 (1.31)**** 0.05 (0.34) 21.34 (0.27)**** 20.62 (0.34)* 24.56 (1.18)****
(28.11, 22.96) (20.62, 0.72) (21.87, 20.80) (21.29, 0.06) (26.87, 2.26)
Barriers – motivational 210.90 (1.37)**** 20.93 (0.36)*** 21.51 (0.29)**** 20.69 (0.36)* 28.71 (1.22)****
(213.58, 28.22) (21.64, 20.22) (22.08, 20.95) (21.40, 0.02) (211.11, 26.31)
b – estimate of unstandardised regression coefficient of mediator effect on physical activity residualised change score; SE – standard error; 95% CI – 95% confidence interval.
All models adjusted for gender, age, household socio-economic status, intervention, and within-school cluster effects.
*P, 0.10; **P, 0.05; ***P, 0.01; ****P, 0.001.
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Table 4 Mediating effects of psychosocial determinants on five physical activity indices (single-mediator models)
Total physical
activity
Active transportation
to/from school
School-related sporting
activities
Leisure-time active
transportation
Leisure-time sporting
activities
ab (SE) ab (SE) ab (SE) ab (SE) ab (SE)
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI)
Mediator % ME % ME % ME % ME % ME
Intervention group without parental support
Attitude 22.67 (0.67)**** 20.14 (0.04)**** 20.46 (0.10)**** 20.29 (0.07)**** 22.14 (0.53)****
(23.98, 21.36) (20.22, 20.07) (20.66, 0.26) (20.42, 20.15) (23.19, 21.09)
S S S S .100
Self-efficacy – physical activity at school 20.65 (0.44) 20.02 (0.01) 20.20 (0.13) – –
(21.53, 0.22) (20.04, 0.01) (20.46, 0.06)
– – –
Self-efficacy – physical activity at home 21.60 (0.63)** – – 20.28 (0.11)*** 21.41 (0.55)***
(22.84, 20.36) (20.49, 20.07) (22.50, 20.32)
S S .100
Social support – total 0.13 (0.19) – – – –
(20.25, 0.51)
–
Social support – family & friends – – – 20.01 (0.09) 20.01 (0.22)
(20.17, 0.16) (20.44, 0.41)
– 3.0
Social support – friends & teacher – 20.08 (0.05) 0.05 (0.03) – –
(20.18, 0.03) (20.02, 0.11)
– –
Social support – parents – 20.01 (0.01) 20.02 (0.02) – –
(20.02, 0.01) (20.05, 0.02)
– –
Benefits – health 20.53 (0.23)** 20.02 (0.01)** 20.13 (0.05)*** 20.17 (0.06)*** 20.37 (0.16)**
(20.97, 20.09) (20.04, 20.00) (20.22, 20.04) (20.29, 20.05) (20.69, 20.05)
S S S S 75.0
Benefits – psychosocial 20.95 (0.52)* 20.09 (0.05)* 20.17 (0.09)* 20.13 (0.07)* 20.74 (0.40)*
(21.96, 0.07) (20.18, 0.001) (20.34, 0.01) (20.26, 0.01) (21.53, 0.05)
S S S S >100
Barriers – health 0.03 (0.03) 0.05 (0.04) 20.03 (0.02) 0.03 (0.03) 0.02 (0.02)
(20.04, 0.11) (20.02, 0.12) (20.07, 0.02) (20.02, 0.08) (20.03, 0.07)
– – – – –
Barriers – environmental 21.05 (0.40)*** 0.01 (0.01) 20.25 (0.08)*** 20.12 (0.04)*** 20.74 (0.33)***
(21.84, 20.27) (20.01, 0.02) (20.42, 20.09) (20.20, 20.04) (21.51, 20.22)
S – S S .100
Barriers – motivational 21.44 (0.64)** 20.12 (0.05)** 20.20 (0.09)** 20.09 (0.04)** 21.15 (0.51)**
(22.70, 20.18) (20.23, 20.02) (20.37, 20.03) (20.17, 20.01) (22.16, 20.14)
S S S S .100
Intervention group with parental support
Attitude 20.95 (0.51)* 20.05 (0.03)* 20.16 (0.09)* 20.10 (0.05)* 20.77 (0.53)*
(21.96, 0.05) (20.11, 0.00) (20.33, 0.01) (20.21, 0.004) (21.57, 0.04)
S S S S S
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Table 4 Continued
Total physical
activity
Active transportation
to/from school
School-related sporting
activities
Leisure-time active
transportation
Leisure-time sporting
activities
ab (SE) ab (SE) ab (SE) ab (SE) ab (SE)
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI)
Mediator % ME % ME % ME % ME % ME
Self-efficacy – physical activity at school 0.84 (0.41)** 0.02 (0.01)* 0.26 (0.12)** – –
(0.03, 1.65) (20.002, 0.04) (0.03, 0.49)
29.1 1.0 12.4
Self-efficacy – physical activity at home 20.73 (0.52) – – 20.13 (0.09) 20.64 (0.46)
(21.75, 0.29) (20.30, 0.05) (21.54, 0.25)
– – –
Social support – total 20.01 (0.17) – – – –
(20.34, 0.31)
–
Social support – family & friends – – – 20.04 (0.07) 20.10 (0.19)
(20.18, 0.11) (20.47, 0.28)
– –
Social support – friends & teacher – 20.03 (0.05) 0.02 (0.03) – –
(20.12, 0.06) (20.04, 0.08)
– –
Social support – parents – 20.01 (0.01) 20.02 (0.02) – –
(20.02, 0.01) (20.05, 0.01)
– –
Benefits – health 20.16 (0.16) 20.01 (0.01) 20.04 (0.04) 20.05 (0.05) 20.11 (0.11)
(20.47,20.15) (20.02, 0.01) (20.11, 0.04) (20.15, 0.05) (20.33, 0.11)
– – – – –
Benefits – psychosocial 20.03 (0.43) 20.002 (0.04) 20.005 (0.07) 20.004 (0.06) 20.02 (0.33)
(20.87, 0.81) (20.08, 0.07) (20.15, 0.14) (20.12, 0.11) (20.67, 0.63)
– – – – –
Barriers – health 0.01 (0.02) 0.01 (0.03) 20.01 (0.02) 0.01 (0.02) 0.005 (0.01)
(20.04, 0.05) (20.05, 0.07) (20.06, 0.03) (20.03, 0.05) (20.02, 0.03)
– – – – –
Barriers – environmental 0.16 (0.30) 20.001 (0.003) 0.04 (0.07) 0.02 (0.03) 0.13 (0.25)
(20.43, 0.75) (20.01, 0.004) (20.10, 0.18) (20.05, 0.08) (20.35, 0.62)
– – – – –
Barriers – motivational 20.01 (0.53) 20.001 (0.05) 20.002 (0.07) 20.001 (0.03) 20.01 (0.43)
(21.06, 1.03) (20.09, 20.09) (20.15, 0.14) (20.07, 0.07) (20.85, 0.83)
– – – – –
ab – product-of-coefficient estimate, mediated effect; SE – standard error; 95% CI – 95% confidence interval; % ME – percent of mediated effect (not computed for non-significant effects); S – suppression.
*P, 0.10; **P, 0.05; ***P, 0.01; ****P, 0.001.
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Table 5 Mediating effects of psychosocial determinants on five physical activity indices (multiple-mediator models)
Total physical
activity
Active transportation
to/from school
School-related sporting
activities
Leisure-time active
transportation
Leisure-time sporting
activities
ab (SE) ab (SE) ab (SE) ab (SE) ab (SE)
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI)
Mediator % ME % ME % ME % ME % ME
Intervention group without parental support
Attitude 21.26 (0.55)** 20.05 (0.02)*** 20.30 (0.07)**** 20.08 (0.03)*** 20.95 (0.29)***
(22.34, 20.19) (20.09, 20.01) (20.44, 0.16) (20.13, 20.03) (21.52, 20.38)
S S S S .100
Self-efficacy – physical activity at home 21.04 (0.43)** – – 20.25 (0.10)*** 20.78 (0.32)**
(21.88, 20.20) (20.45, 20.06) (21.40, 20.16)
S S .100
Benefits – health 0.30 (0.18) 0.05 (0.02)** 0.13 (0.05)*** 20.07 (0.03)** 20.65 (0.72)
(20.05, 0.07) (0.01, 0.09) (20.22, 20.04) (20.13, 20.02) (22.05, 0.75)
– 3.6 S S –
Benefits – psychosocial 20.63 (0.36)* 20.08 (0.04)* 20.12 (0.06)* 20.07 (0.04)* 20.43 (0.24)*
(21.33, 0.07) (20.16, 0.01) (20.24, 0.01) (20.15, 0.01) (20.91, 0.05)
S S S S 86.0
Barriers – environmental 0.07 (0.11) – 20.15 (0.05)*** 20.04 (0.02)** 0.09 (0.09)
(20.15, 0.29) (20.24, 20.05) (20.08, 20.003) (20.09, 0.27)
– S S –
Barriers – motivational 20.75 (0.37)*** 20.09 (0.04)** 20.06 (0.03)** 0.03 (0.02)* 20.58 (0.28)**
(21.47, 20.02) (20.17, 20.01) (20.11, 20.01) (20.002, 0.065) (21.13, 20.03)
S S S 2.3 S
Intervention group with parental support
Attitude 20.92 (0.49)* 20.05 (0.03)* 20.14 (0.07)* 20.10 (0.05)* 20.77 (0.53)*
(21.88, 0.05) (20.10, 0.00) (20.29, 0.01) (20.21, 0.004) (21.57, 0.04)
S S S S S
Self-efficacy – physical activity at school 0.52 (0.27)* 0.0003 (0.003) 0.21 (0.10)** – –
(20.01, 1.05) (20.01, 0.01) (0.02, 0.40)
5.7 – 10.0
ab – product-of-coefficient estimate, mediated effect; SE – standard error; 95% CI – 95% confidence interval; % ME – percent of mediated effect (not computed for non-significant effects); S – suppression.
*P, 0.10; **P, 0.05; ***P, 0.01; ****P, 0.001.
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statistically significant (active transportation: 20.05min
day21; 95% CI: 20.12, 0.02; P5 0.182; sporting activities:
0.07min day21; 95% CI: 20.17, 0.31; P5 0.575).
Discussion
The aim of this study was to examine the psychosocial
mechanisms through which a physical activity interven-
tion, with and without parental support, yielded changes
in physical activity behaviour in middle-school students.
Self-efficacy for physical activity at school was found to
be the only significant mediator of physical activity
change. Specifically, self-efficacy for physical activity at
school partly mediated the effect of the intervention on
total and school-related physical activity change in the
intervention group with parental support. This significant
mediation effect showed that the intervention succeeded
in changing self-efficacy in a positive way, which means
that the adolescents were more confident that they can be
physically active at school. This in turn resulted in posi-
tive changes in school-related physical activity and in
total physical activity. This mediation effect was not found
for the other physical activity indices. In addition, the
mediation effect was only partial, which means that the
intervention also resulted in a direct effect on physical
activity in adolescents or that the mediators responsible
for the change in physical activity were not included in
the study.
The intervention consisted of two main components:
an environmental component mainly focusing at
increasing time, space, material and opportunities to be
active; and an individual component based on personal
feedback through online computer tailoring. As this
multi-component intervention was implemented as a
whole, it is not possible to determine which intervention
component worked through which pathway. From a
theoretical perspective it could be argued that making the
school environment more ‘activity friendly’ has a direct
impact upon physical activity behaviour35, but also
increases self-efficacy. By increasing physical activity
opportunities at school, students may feel more confident
that they can be active regularly at their school. Physical
activity self-efficacy may specifically be enhanced
through successful experiences as special attention was
given in the programme to varying the content of the
physical activities offered in order to reach all students
(non-competitive activities). Because emotional or phy-
siological arousal also influences self-efficacy expecta-
tions, experiences such as fatigue, muscular strain,
discomfort or pain caused by physical activity may be
associated with poor performance and perceived
incompetence37. These aversive emotional states threa-
tening self-efficacy were also avoided in the programme
by offering physical activities at different levels of inten-
sity and giving students a lot of freedom to choose.
This school-based multi-component programme
mainly resulted in changing school-related activity (sports
and transportation) and not leisure-time activity. How-
ever, the results suggest that the home component was
essential to reach this effect. An increase in parental
support could have been suggested as the mechanism
through which these effects were reached. In addition,
the environmental component of the intervention was
meant to increase the support from friends and teachers
at school. However, the present study showed no
mediation effects of social support.
The computer tailoring part of the intervention also
included specific feedback on all the psychosocial
determinants. However, only self-efficacy for physical
activity at school came out as a partial mediator. Specific
for self-efficacy, the personal advice focused on
explaining how being active could be made ‘more easy’
by incorporating it in daily activities, by including active
transport, and by explaining the difference between
sports and physical activity. None of the other potential
mediators, attitudes, social support, perceived benefits
and perceived barriers, seemed to have had a positive
effect. In contrast, even suppressor effects were found.
This suggests that because the messages related to those
potential determinants of physical activity did not change
beliefs, or specific pros and cons of the behaviour in a
positive way, neither resulted in increases in social sup-
port. It can be questioned whether focusing on these
mainly cognitive potential mediators of behaviour, as
suggested for example in the Theory of Planned Beha-
viour, is essential in adolescents38. However, this might
not be too surprising as studies on physical activity
computer-tailoring in adults also showed very minimal
effects on attitudes, perceived benefits and barriers39.
Based on these results, two strategies can be followed
here in the future. The first possibility is to give more
attention in the intervention to increase social support
and to change perceived benefits and barriers in a posi-
tive way, so that these changes can result in a more
effective intervention. A second possibility is to delete the
elements from the intervention that were assumed to
produce these positive effects but did not, to make the
intervention more parsimonious. Special attention should
be given to the suppressor effect that was found for
general attitudes towards physical activity in the inter-
vention condition with parental support. The presence of
this suppressor effect could be due to an actual unde-
sired, negative effect of the intervention on the mediating
variable of interest. It is possible that the intervention has
led to a negative impact upon affective attitudes in this
intervention group, diminishing the effect of the inter-
vention. However, it is unclear why and how this effect
could occur. In general very high baseline scores were
found for the attitude measure, leading to the typical
decrease with age one year later in both groups. The
intervention did not succeed in reducing this decline;
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it even resulted in a somewhat steeper decline in the
intervention group compared with the controls. It is
possible that the adolescents were tired of hearing about
physical activity and its positive effects after this 1-year
intensive intervention at their school, and that this resul-
ted in the decline in attitudes and benefits, and the
increase in barriers. Future research should look further
into this effect.
There are no studies to compare these results with, as
to our knowledge no physical activity intervention studies
have executed a full mediation analysis in children or
adolescents21,22. In adults, some support was found for
self-efficacy to be a mediator among mothers with young
children40. In the CATCH study (Child and Adolescent
Trial for Cardiovascular Health), some evidence was also
found for the importance of self-efficacy to be a possible
mediator of physical activity change in elementary-school
children41. In another paper, the mediation effects of
changes in psychosocial determinants of the dietary fat
intake part of the present intervention were examined. As
the multi-component intervention showed significant
changes in fat intake in adolescent girls only, mediation
effects were studied only in this subgroup42. Analyses
revealed that none of the examined psychosocial factors
showed a reliable mediating effect on changes in fat
intake. The single-mediator model revealed a statistically
significant suppression effect of perceived barriers on
changes in fat intake. In the multiple-mediator model, this
effect was no longer significant, which was most likely
due to changes in perceived barriers being moderately
related to changes in self-efficacy and attitude. The
overall mediated-suppressed effect of the examined
psychosocial factors was virtually zero.
Some limitations of the study need to be mentioned.
First, only self-reports of physical activity and of related
determinants were included. Although previous studies
have shown that the physical activity and psychosocial
measures have good reliability and acceptable validity9,24,
they could suffer from social desirability. Second, the
psychosocial determinants included as potential media-
tors in the present study were measured in a very general
way. As suggested by Baranowski et al.21, perhaps more
specific mediation models should be tested e.g. for active
transport, sport at school or physical activity in leisure
time. This would allow us to tailor interventions more to
the appropriate mediating variables. Finally, the com-
prehensive nature of our intervention does not allow
conclusions about which intervention parts are respon-
sible for which effects through which pathways43. Further
research has to disentangle the relative importance of
these pathways for the effectiveness of physical activity
interventions.
The strength of the present study is that its longitudinal
design, the presence of a control group and its overall
effectiveness on physical activity indices allowed one of
the first true mediation analyses in an adolescent sample.
Changes in self-efficacy for physical activity at school
were found to be mediators of changes in total and
school-related physical activity. Replication of the med-
iating properties of these variables will be needed before
we can conclude that it is a consistent mediator of
physical activity intervention in adolescents.
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